Hamilton's Markov-switching model [5] was extended to the simultaneous equations model. A framework for an instrumental variable interpretation of full information maximum likelihood (FIML) by Hausman [4] can be used to deal with the problem of simultaneous equations based on the Hamilton filter [5] . A comparison of the proposed FIML Markov-switching model with the LIML Markov-switching models [1, 2, 3] revealed the LIML Markov-switching models to be a special case of the proposed FIML Markov-switching model, where all but the first equation were just identified. Moreover, the proposed Markov-switching model is a general form in simultaneous equations and covers a broad class of models that could not be handled previously. Excess sensitivity of marginal propensity to consume with big shocks, such as housing bubble bursts in 2008, can be determined by applying the proposed model to Campbell and Mankiw's consumption function [6] , and allowing for the possibility of structural breaks in the sensitivity of consumption growth to income growth. We are grateful to James D. Hamilton for his comments and suggestions. We are also grateful to Ronald Schoenberg and Chang-Jin Kim for putting their Gauss codes in the Internet Site.
Introduction
This paper deals with an important issue associated with a class of the Markov-switching model in the simultaneous equations.
LIML(Limited Information Maximum Likelihood)
Markov-switching models [1] [2] [3] This paper extends LIML Markov-switching models to a full set of structural simultaneous equations, essentially going from LIML to FIML with the addition to Markov-switching.
Using a framework for an instrumental variable interpretation of full information maximum likelihood by Hausman [4] , this paper provides FIML Markov-switching model in the simultaneous equations.
The findings of this paper are that the proposed FIML Markov-switching model is a general form in the simultaneous equations and covers a broad class of models that could not be handled before. The advantage of the proposed FIML Markov-switching model is that we can deal with the problem of simultaneous equations based on the Hamilton filter [5] and we can directly interpret the economic meaning of the estimated parameters without transformation of the model and the proposed FIML Markov-switching model don't need another step to correct for the standard errors of the parameter estimates such as Kim's LIML Markov-switching model [2] .
In this paper the Campbell-Mankiw consumption on income problem [6] is used as an illustration.
This paper has been divided into five sections.
Section 2 presents the model specification. Section 3 compares the proposed FIML Markov-switching model to LIML Markov-switching models [1, 3] . Section 4 summarizes the empirical results. Section 5 concludes this paper.
Model Specification
In order to get a consistent estimation of the parameters of the Markov-switching model in the simultaneous equations, we consider the following FIML Markov-switching model.
where Y is the T x M matrix of jointly dependent variables, BSt is an M x M matrix and nonsingular. Z is the T x K matrix of predetermined variables, ΓSt is 
Hausman [4] showed an instrumental variable interpretation of FIML for simultaneous equations where the function is maximized
where yt is the tth row of the Y matrix. zt is the tth row of the Z matrix.
To derive the FIML Markov-Switching Model in the simultaneous equations, we can obtain Pr (S t = j| ψ t )
by applying a Hamilton filter [5] as follows:
Step 1 :
At the beginning of the tth iteration, Step 2 :
Consider the joint conditional density of y t and unobserved S t = j variable, which is the product of the conditional and marginal densities:
from which the marginal density of y t is obtained
where conditional density is obtained from (2): (1).
Step 3 :
Once y t is observed at the end of time t, we update the probability terms:
As a byproduct of the above filter in Step 2 we obtain the log likelihood function:
which can be maximized in respect to the parameters of the model.
Comparison of the proposed FIML MS model to LIML MS models
To solve the problems of the regressors being correlated with the disturbance in the Markov-switching models, we can adopt two models.
The first model is LIML Markov-switching model proposed by Kim [1, 2] and Spagnolo, et al. [3] . The characteristics of LIML Markov-switching models estimate the parameters of a single equation.
In the case of LIML Markov-switching model, the result of the "standard" estimation method proposed by Spagnolo, et al. [3] is mathematically identical to the "alternative" estimation method proposed by Kim [1] .
The second model is FIML Markov-switching model which we provide in this paper. The merit of the can be considered as a special case of the proposed FIML Markov-switching model.
Application
Let's consider Campbell and Mankiw's consumption model [6] as an example given by equations (4) and (5).
where   is the log of per-capita disposable income;   is the log of per-capita consumption on In equation (4) it can be seen that   and ∆  are positively correlated, therefore  would be overestimated by OLS. To solve the problem of the bias in the simultaneous equations (4) and (5), we can adapt the likelihood function of the simultaneous equations model in equation (2) following Hausman's instrumental variable interpretation of FIM [4] .
While there seems to be a consensus that there is excess sensitivity of consumption to current income which is represented by , there is a disagreement as to the source of this excess sensitivity and whether  is constant or not.
In equation (4), Campbell and Mankiw [6] assume the constant  .However, in light of the literature on precautionary saving, the parameter  in equation (4) can also change when the economy is facing a great degree of uncertainty. Kimball [8] predicts that the marginal propensity to consume should have been higher in the 1970's, when there was great uncertainty about the future rate of productivity growth. Kim [2] adopts a two-step MLE procedure with a three-state
Markov switching model using the same variables in
Campbell and Mankiw [6] for quarterly real data from FRED, collected by the Federal Reserve Bank of St.
Louis. Kim [2] found that in th e 1970's and 1980's, during which time uncertainty in future income growth was highest, the measure of sensitivity was highest and statistically significant while it was not statistically significant in the rest of the sample.
Taking these into consideration in this paper, we try to find out whether  is really constant or not. To do this, first we extend equations (4) and (5) Standard errors are in the parentheses. *=significant at 5% **=significant at 1%
[ 
Conclusion
In this paper, Hamilton's(1989) Markov-switching model is extended to the simultaneous equations.   is T x 1.     is T x (M-1) and   is (M-1)
x (M-1).      ⋯    is T x K2 and   is K2x(M-1). We can consider     and   together as the instrumental variables in the equation (9) because of       ≠ .
COMPARISON BETWEEN STANDARD AND ALTERNATIVE INSTRUMENTAL VARIABLE ESTIMATION
In equation (8) it can be seen that   and   are correlated. The procedure to derive a Markov-switching model is as follows:
After we calculate equation (8)- (10), we obtained the following Markov-switching model.
The standard instrumental variable estimation method proposed by Spagnolo, et al. [3] . needs the following two-step procedure.
Step 1: Regress   on     ,   and get    from the equation (9) .
Step 2: Insert    to the eqs. 
The alternative instrumental variable estimation method proposed by Kim [1] needs the following two-step procedure.
Step 1: Regress   on     ,   and get residual    from the equation (9) .
Step 2: Insert residual    to the equation (11) and get the following regression
In order to show that equation (12) and (13) The equation (18) 
